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Abstract: We propose to measure the HZy and H 77 anomalous couplings in the process of e + e“ —> i /7 with the 
sequential decay of H —¥ bb. The discovery potential of observing the anomalous couplings are explored in details. 
Our study shows that the electron-positron collider has a great potential of testing the HZ-y and 77 77 couplings. 
Conservative bounds on the two anomalous couplings are also derived when no new physics signal were detected on 
top of the SM backgrounds. 
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1 Introduction 

After the discovery of the Higgs boson, precision mea¬ 
surement of the Higgs boson’s properties is placed on 
the agenda, especially the measurement of the rare de¬ 
cay modes of the Higgs boson as the Standard Model 
(SM) contribution is fairly small. Observing a deviation 
from the SM prediction would shed light on new physics 
(NP) beyond the SM. Among the rare decay modes of 
the Higgs boson, the 77 mode is bounded much tighter 
than others, and its best-fit signal strength relative to 
the standard model prediction is 1.17±0.27 obtained by 
the ATLAS collaboration [1] and 1.141°'23 by the CMS 
collaboration [5j , respectively. The H —>■ Z 7 decay, how¬ 
ever, is loosely constrained. ATLAS collaboration re¬ 
ported an upper limit of 11 times the SM expectation at 
the 95% confidence level [3]. A similar result is achieved 
by the CMS Collaboration !4j , which sets an upper limit 
of 9.5 times the SM expectation at the 95% confidence 
level. Note that the 7/77 and HZ 7 couplings are sen¬ 
sitive to different kinds of NP and therefore are inde¬ 
pendent in principle. Ref. [5] pointed out that the HZ 7 
coupling could be sizably modified in certain composite 
Higgs model while still keeping the H 77 coupling un¬ 
touched. On the other hand, the HZ 7 and H 77 cou¬ 
plings were highly correlated in the NMSSM or MSSM- 
like models 0E]. Thus the NP models can be tested 
and discriminated by their different expected correction 
of the HZ 7 and H 77 couplings. In this work, we ex¬ 
plore the potential of probing the anomalous couplings 
of HZ 7 and H 77 through the 7/7 production at the fu¬ 


ture electron-positron collider. 

The potential of probing the HZj, 7/77 couplings 
has been studied at e + e _ and e“7 colliders through the 
channels of e + e _ — > ZH , e + e _ — > e + e~H , e ± 'y -A He * 
and e + e _ -a 'yH [ME]- For the process of e + e -A H'y, 
the analytical expressions of its cross section have been 
given in [17HT9] . It has also been studied in the Inert 
Higgs Doublet Model [6] and MSSM (20j. Searching 
for the Higgs boson in the collider signature of e + e _ 7 
at the Large Hadron Collider (LHC) is also studied in 

Ref. mm]. 

In this work we assume the NP resonances are too 
heavy to be observed directly at the LHC, but they might 
generate sizable quantum corrections. Such effects are 
then described by an effective Lagrangian of the form 

£ e ff = £sm + wy— (CiOi + h.c .) + 0 f -r-y—j , (1) 

2 '-np i V / 

where Ci’s are coefficients that parameterize the non¬ 
standard interactions. Note that dimension-5 operators 
involve fermion number violation and are assumed to be 
associated with a very high energy scale and are not rel¬ 
evant to the processes studied here. The relevant CP- 
conserving operators contributing to the anomalous 
7/Z7 and 7/77 couplings are [52 


ObW 


(2) 

Oww 

= 

(3) 

ObB 

= (</>*</>) 

(4) 


= (D^ywHDH), 

(5) 
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in which cj) T = (0, (v+H)/y/2) is the Higgs doublet in the 
unitary gauge with v = 246 GeV the vacuum expecta¬ 
tion value, B^ = d^B^-d^B^ and W* v = <9„ Wf-<9„ Wf- 
gfunW^W* are the strength tensors of the gauge fields, 
and the Lie communicators [T a ,T b ] = if abc T c define the 
structure constants f abc . 

The O$$ and 0 B w are constrained strongly by the 
electroweak precision measurements mug and are ne¬ 
glected in our study. After spontaneous symmetry break¬ 
ing, the operators yield the effective Lagrangian in terms 
of the mass eigenstates of photon and Z-boson as follows: 


C= h +FzzHZ, lv Z^ 

( 6 ) 

where 


^P-y'y — Cww sin" 0w ACbb cos" dwi 
T Zl = {c ww — c bb )su\{ 29 w ). (7) 


Therefore, the other two couplings would exhibit a non¬ 
trial relation which could be verified in future experi¬ 
ments. 


2 H'y production at e e + collider 


Now we are ready to calculate the H'y production 
with the contributions of the HZj and if 77 anomalous 
couplings. There is a subtlety in the calculation. The 
scattering process of e + e _ —► H'y is absent at the tree- 
level in the SM when ignoring the electron mass, but it 
can be generated through the electroweak corrections at 
the loop-level mm- The effects of the HZj and if 77 
anomalous couplings, as suppressed by the NP scale A, 
might be comparable to those SM loop effects. There¬ 
fore, one has to consider the SM contributions as well 
in the discussion of the NP effects in the if 7 produc¬ 
tion. The loop corrections in the SM can be categorized 
as follows: ( 1 ) the bubble diagrams originating from the 
external 7 wave-function renormalization; ( 2 ) the trian¬ 
gle diagrams with the HZ 7 , H 77 or the Hee in the 
external lines; (3) the box diagrams with e + e“ H'y in the 
external line. Figure [l] displays the representative Feyn¬ 
man diagrams, which also includes the HZ 7 anomalous 
coupling. 



Fig. 1. Representative Feynman diagrams of the 
process of e + e“ —> H'y. the SM (a-e) and the 
HZ'y anomalous coupling (f). 


Consider the case of unpolarized incoming beams and 
ignore the electron mass. Summing over the polarization 
of the photon, the differential cross section of the scat¬ 
tering of e“e + —> H'y can be written as m 


da(e 4 


■H'y) 


d cos 8 

s ~ M H L2 f | +|2. 

647TS r 11 Gl 1 


2 )+t 2 (|a+| 2 + |a-| 2 ) ,(8) 


where i/s is the energy of center-of-mass (c.m.) and the 
Mandelstam variables are 


t = (p e + - P-,) 2 = ~(s - M 2 H )(l - cos 6 »)/2, 
u={p e - -p 7 ) 2 = -(s-Mf )(l + cos 0)/2 

with Pi the momentum of particle i and 6 the scattering 
angle of the photon. 

The coefficient which sums contributions from all 
the loop diagrams and the anomalous HZ 7 and ./J 77 
couplings, is 


a±=a7 ± + af ± + < ± +aJ ) ° x± , (9) 

where a ] and af denote the contributions of the pho¬ 
ton and Z pole vertex diagrams, a® the f-channel if°ee 
vertex corrections and a °° x the contribution of the box 
diagrams; see Fig. [T] Detailed expression of all the coef¬ 
ficients in the SM can be found in Ref. m- The anoma¬ 
lous Tz -y and T-. n couplings contribute only to af * and 
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a ,7 ± as follows: 


e x - 1 


= a 0 = 


aj ± =a^ 2 ± = - 


1 ( 1 


e 1 

2 s 
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167T 2 


4 s w c w s — M z \l 67 r 2 


2 v 


7 7± 
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—J 7 

A 2 T 


where e is the electric charge, x + = — l + 2 s^, x = 2 s^, 
and 


z ± _ 

e 3 M w 

'SM 


Cw s w 

,7 ± _ 

6 3 M\y 

'SM 

s w 


Fy^w 


' ,C t 
16 TO 2 

3M^ 





( 10 ) 

( 11 ) 


The F zw , F- U w and _F t are obtained from the gauge bo¬ 
son (W and Z) and top-quark loops respectively. Only 
the top-quark loop is taken into account in this work 
as the contributions from other fermion loops are highly 
suppressed. The F zw . F l W and F t are 


F z ,w 

F-y ,W 

F t 


= 2 


M 2 

-f ( 1 - 2 ^)+ 2 ( 1 - 6 ^) 

1V1 W 


(CZ+CZ) 


+4(1-4 c 2 w )CZ, 

4 (f + 6 ) (CZ + C%) + 16CZ 
C* + 4C( 2 +4C*3 


( 12 ) 


where the three-point functions Ch and C) f are defined 

A L J L J 

as 


C? ;# =Ci i (a ) 0,M*;Af t 2 ) M t 2 ) M t 2 ), 

C’f = (s,0,M 2 ;M+,M^,M^) , (13) 

and C 0 is the Passarino-Veltman scalar function [24] . 

We first calculate the SM loop corrections in Form- 
Calc [25; and LoopTools [26]. Our analytical and nu¬ 
merical results are consistent with those in Refs. m- 
We then incorporate the HZ 7 and #77 anomalous cou¬ 
plings in our calculation to examine their impact on the 
H'y production, respectively. 


In order to quantify the NP effects, we separate the 
total cross session of the H 7 production (cr t ) into the 
following three pieces: 




0 SM ± 


rrW -p i+^TT 
° IN IN ' 


( 2 )- 


m 



T T 

J 77 


2TeV \ 4 


(14) 


( 12 ) , , 

where (Tsm is the cross section in the SM, cr IN ’ is the in¬ 
terference effect between the SM and NP contributions 
and o^p 2,31 is the NP contribution. Figs. [2|a), (d) and 
(g) show each individual contribution above as a func¬ 
tion of yfs for rn H = 125 GeV. The SM contribution 
falls with yfs and decreases rapidly around the top-quark 
pair threshold of y/s ~ 350 GeV. The fall-off is owing to 
the cancellation between the W-boson loop and f-quark 
loop contributions. When y/s — 2m t , the virtual top- 
quark loop develops an imaginary part and thus con¬ 
tributes maximally. Above the top-quark pair threshold, 
the cross section drops smoothly with y/s as expected. 
The interference effect (crj^’ 2 " 1 ) exhibits a similar behav¬ 
ior as the SM contribution and drops with y/s. On the 
contrary, the NP contributions (cr^p 2) ) increase with y/s 
as induced by a high-dimensional operator. 

The interference effects between the SM and NP de¬ 
pend on the sign of the effective HZj, #77 couplings. 
We plot in Fig. §b) the total cross section for F Zl = ±1. 
For reference <t sm , i.e. F Z y = 0, is also plotted. For a 
large F Zl . the NP contribution dominates over the inter¬ 
ference and SM contributions. We also plot in Fig. [2jc) 
the total cross section for F Zl = ±0.1 to illustrate the 
interference effects. For a small F z ~,, we can ignore the 
NP contributions as it is proportional to F% . There¬ 
fore, the interference effects yield three similar curves. 
This discussion above is also applied to F yj displayed in 
Figs. |2jd), (e), (f). 

For illustration we list the total cross section (in the 
unit of femtobarn) for four benchmark of c.m. energies 
(y/s) as follows: 


( om i r \ 2 / nm y \ 4 

—J + [ 0 . 38282 7 2 7 + 0 . 7872 F " 2 7 + 0 . 1195 Fz 7 F’ 77 ] ( ——— J ; 


350 


/2TeV\ : 


GeV :cr t = 0.0341 + [0.25247^ + 0.0105J" 77 ] J + [0.5212.F 2 7 + 


1.2392F' 2 ±0.1750F"z^F'- 


/ 2TeV \ ‘ 


Z'ys 77 J 


v A ) ’ 

/ Qrp t r \ ^ / Qrp 'i r \ ^ 

500 GeV: a t = 0.0524 + [0.28651% + 0.3613J" 77 ] f —J + [0.60127£ 7 +1.5375 F^ + 0.2093^^] f —) ; 

/ 9 TeV \ 2 /2TeV \ 4 

1000 GeV:a t = 0.0214+[0.1703.7%+ 0.28087%] + [0.66147 2 7 + 1.77997 2 7 + 0.23627z 7 7% ( —j ; 

(15) 
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V7(GeV) V7(GeV) VI(GeV) 



V7 (GeV) Vs" (GeV) V* (GeV) 



Vf(GeV) 

Fig. 2. The cross section of e + e~ — > H'y as a function of y/s\ (a), (d) and (g) each individual contribution of ctsm 
(solid), o'jjlj’ 2 ' 1 (Dashed) and cr^p 2,3 ^ (Dotted); (b) and (e) the total cross section of for A = 2TeV and J r z 7 / 77 = 0,±1; 
(c) and (f) the total cross section of for A = 2TeV and .Fz 7 / 77 = 0, ±0.1; 
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3 Collider Simulation and Discussion 

In this section, we discuss how to detect the HZ 7 and 
H 77 anomalous couplings at the e + e“ collider with var¬ 
ious c.m. energies. Firstly we focus on the contribution 
of HZ^f with the 66 mode of the Higgs boson decay where 
T Zl = 1 and J " 77 = 0. The collider signature of interests 
to us is one hard photon and two 6 -jets. We generate the 
dominant backgrounds with MadGraph m 

e + +e~ -* 7 + 7 */^* — ► 7 + 6 + 6 . (16) 

At the analysis level, all signal and background events 
are required to pass the following selection cuts: 

pi > 25 GeV, p b T > 25 GeV, p\ > 25 GeV, 

1^1 <3.5, |r 7 b | <3.5, |t 7 5 | < 3.5, 

AR hh > 0.7, Ai?i , 7 > 0.7, Ai?j 7 > 0.7, (17) 

where p l T and ^“denotes the transverse momentum and 
pseudo-rapidity of the particle i, respectively. The sepa¬ 
ration A R in the azimuthal angle-pseudo-rapidity (fp) 
plane between the objects k and l is 

A R ki = f (pk — Vi) 2 + {4>k — 4>i) 2 - (18) 

For simplicity we ignore the effects due to the finite res¬ 
olution of the detector and assume a perfect 6 -tagging 
efficiency. 



pI(GeV) pf(GeV) 


Fig. 3. The normalized distributions of pip and p?- 
of the signal (red and black curve) and back¬ 
ground (blue curve) for fs = 250 GeV and 
500 GeV. The black curve denotes the contri¬ 
bution of the SM and NP operator while the red 
curve labels the SM contribution alone. 


Figure [3] plots the p T distribution of the photon and 
6 -jets for fs = 250 GeV and 500 GeV. The photon in the 
signal event exhibits a hard traverse momentum to bal¬ 
ance the motion of the Higgs boson. On the other hand, 
the photon in the SM background is mainly radiated out 
from the initial state electron and peaks in the small p T 
owing to the collinear enhancement; see Figs. [3](a) and 
(c). The anomalous HZ 7 coupling yields more energetic 
photon in the final state and the effects tend to be more 
evident with increasing fs; see Fig. [3](c). Since the 6 -jets 
in the signal are from the Higgs boson decay while those 
in the background are mainly from a Z-boson decay, the 
signal exhibits a hard p T distribution of the 6 -jet; see 
Figs. [3](b) and (d). Similar conclusions also applied to 
other values of T Zl /~ n . 

To compare the relevant background event rates (£>) 
to the signal event rates ( S ), we assume an integrated lu¬ 
minosity of 1 ab -1 . The numbers of the signal and back¬ 
ground events after imposing the above selection cuts 
are summarized in the second, fourth, eighth, twelfth 
rows of Table |T| We consider three kinds of the signal: 
one is induced solely by the SM loop corrections, the 
other two are generated both by the SM loop correction 
and by NP effects where T Zy = l,J r 77 = 0 for one and 
T Zl = 0, J r 77 = 1 for the other. The former is named as 
the 5 sm> shown in the fourth to sixth rows in Table [l] 
while the latter are denoted as the 5 Z7 / 77 , shown in the 
seventh to fourteenth rows. Obviously, the backgrounds 
are larger than the signals by three or four order of mag¬ 
nitudes. One has to impose other cuts to extract the 
small signal out of the huge background. 



Fig. 4. The normalized m bb distributions of the sig¬ 
nal and background for fs = 250 GeV. 

As from the Higgs boson decay, the two 6 -jets in the 
signal events exhibit a sharp peak around m H in the dis¬ 
tribution of their invariant mass (m bb ). Figure [4] displays 
the m bb distribution of the signal events (red-peak) and 
the background events (blue) for yfs = 250 GeV. The 
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yfs (GeV) 

250 

350 

500 

1000 

B 

selection cuts (xlO 5 ) 

7.169 

4.229 

2.450 

0.708 

AM cut 

7640 

3993 

2104 

475 

Ssm 

selection cuts 

58 

21 

33 

12 

ee —> Hj,H —> bb 

AM cut 

58 

21 

33 

12 

Ssm/ Vb 

0.664 

0.33 

0.72 

0.55 

(ee 

S Zl 

—► Hj) 

794 

808 

940 

853 

Sz-y 

selection cuts 

451 

482 

569 

341 

ee—> Hj,H —>bb 

AM cut 

451 

482 

569 

341 

s Zi /Vb 

5.2 

7.6 

12.4 

15.6 

(ee 

c 

U 77 

1234 

1284 

1951 

2082 

c 

^77 

selection cuts 

701 

754 

1180 

834 

ee —> —>bb 

AM cut 

701 

754 

1180 

834 


8.0 

11.9 

26.3 

38.2 


Table 1. The number of events of the signal (SSM/Z 7 / 77 ) and the background (B) for various c.m. energies (-^/s). 
The signal is further divided into the SM contribution only(Ssivi) and the contribution of both the SM and NP 
effects(iSz 7 / 77 ). For illustration we choose A = 2 TeV, J-z-y = 1,-F 77 = 0 for S Zl and J- z -y = 0, J -" 77 = 1 for S 77 . The 
integrated luminosity is chosen as 1 ab^ 1 . 
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Fig. 5. Sensitivities to the HZy /ffyy anomalous coupling at the e + e“ collider as a function of y 's for £ = 1000 fb ^ 1 
and A = 2 TeV. The shade regions above or below the black-dashed curves are good for discovery. The CMS ex¬ 
clusion limits and allowed regions obtained from the Higgs boson rare decay are also shown for comparison (see 
the horizontal red-dashed curves and red regions): (a) CMS exclusion limits (y/s = 8 TeV and £ = 19 fb -1 ); (d) 
CMS allowed regions (y/s = 8 TeV and C = 19 fb“ 1 ); (b), (e) CMS projection allowed regions (y^s = 14 TeV and 
£ = 300 fb -1 ; (c), (f) CMS projection allowed regions (-^5=14 TeV and £ = 3000 fb' 1 ). 
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two 6 -jets in the background events are mainly from the 
on-shell Z-boson, yielding a peak around 91 GeV. 

The background events also exhibit a long tail in the re¬ 
gion of rribb ~ m H region owing to the Z-boson width. 
The difference of the rribb distribution between the sig¬ 
nal and background events remains at other y/s of the 
e + e _ collider. We impose a hard cut on m b b to suppress 
the background. After the lepton and jet reconstruction, 
we demand that the invariant mass of the two 6 -jets is 
within a mass window of 5 GeV around m H , he. 

AM = \m b b — m H \ < 5 GeV. (19) 

The AM cut suppresses the background dramatically; 
for example, for almost all the c.m. energies, less than 
1% of the background survives after the AM cut. On 
the other hand, most of the signal events pass the mass 
window cut. Unfortunately, the SM contribution alone 
still cannot be observed owing to the tiny production 
rate; see the fifth row in Table [I] For F Zl = 1, F~ n = 0 
and F Zl = 0, F 11 = 1, both the anomalous HZ') coupling 
and if 77 coupling lead to a few hundreds of the signal 
events after the mass window cut separately and thus are 
testable experimentally. The significance (iS Z 7 / 77 /\/H) 
increases with \fs owing both to the non-renormalizable 
feature of the high-dimensional operators and to the de¬ 
creasing SM backgrounds. 

We now use the results of last section to discuss 
the potential of testing the HZ 7 , H 77 couplings at 
the electron-positron linear collider. Most attention is 
paid on the scenario in which only one of HZ') and 
H 77 anomalous couplings is nonzero. We first con¬ 
sider the discovery of HZ 7 and H 77 anomalous cou¬ 
plings at the electron-positron linear collider. Demand¬ 
ing the 5cr significance, 6> Z7 / 77 = 5 VB, yields the dis¬ 
covery potential of the HZ'j/Hj'y coupling in the scat¬ 
tering of e + e _ —► H 7 . Figures Ufa), (d) display the 
5cr significance curve (dashed-line). The shade regions 
are good for the discovery of the anomalous HZ'y/Hj'y 
coupling. Owing to the SM contribution and the in¬ 
terference effects, the discovery regions are asymmetric 
around Tz-y/^ = 0. We also plot the CMS exclusion 
limits of the HZ')/ H 77 coupling. We note that the dis¬ 
covery potential of HZ'y coupling at e _ e + collider at 
y/s = 250 GeV is marginally close to the current CMS 
exclusion limit. With the c.m. energy increased from 
250 GeV to 1000 GeV, the e + e“ collider could cover the 
regions of 0.50 < F Zl < 1.03 and —2.02 < F Zl < —0.76 
which cannot be probed at the 8 TeV LHC; while the 
discovery potential of H 77 coupling could cover the non¬ 
exclusion red region of F 11 ~ 0.56 at a high energy e“e + 
collider. 

The CMS limits are derived from the Higgs boson de¬ 
cay as follows. The partial decay width of H — > Z 7 and 


M —)• 77 are given by 
T(H-^Z'y) = 


m. 


F(if — 177 ) = 


8nv 2 


m. 


16lTV 2 


1 - 


F1 


m z 

ml 


rSM 

J ~Z'y ' 


y\2 77 


A 2 ' 


Z-y 


m 

( 21 ) 


where F™, F 7 ^, induced by the W boson and fermion 
loops in the SM, are given by 0 128] 


t-SM 

^z- y 


FTz = 


0 Q t (2T*-4Q t s 2 WJ 

4tts w c w V cv 1/21 *" t} 


+c w Af (t w , \ w ) I, 


( 22 ) 


-(3QMf/ 2 (0+<(0). (23) 


a 
47r 


The functions, A;), Af(r 1 ,A i ), Af / 2 (ri) and 

Ay (t*), are given in Ref. [2j] where r, = 4m 2 /rri 2 H and 
Xi = 4m 2 Jm 2 z . Q t is the top-quark electric charge in 
units of |e| and T!y = 1/2. In the SM F f / 1 ~ 0.007, 
JFSm _ —0.004 for m H = 125 GeV [3D]- The CMS mea¬ 
surement requires 


0.91 < 


T(H^Z'y) 
Tsm (H —> Zj) 

r(iJ^-77) 

r S m(h -^ 77 ) 


< 9 . 5 , 

<1-4, 


(24) 


which yields the CMS exclusion bounds shown in 
Figs. [5](a) and (d), one bound on F Zl as —2.02 < F z7 < 
1.03, two bounds on J r 77 as —0.051 < J7 , 7 < 0.013 and 
0.55 < F 11 < 0.62; see the horizontal black-dashed curves 
and red regions. 

A recent study on projected performance of an up¬ 
graded CMS detector at the LHC and high luminosity 
LHC (HL-LHC) [3T] shows that the H —> Z 7 process is 
expected to be measured at 14 TeV LHC with ~ 60 % 
and ~ 20 % uncertainties at the 95 % confidence level 
using an integrated dataset of 300 HV 1 and 3000 fb —1 , 
respectively, while for the H —► 77 process, the uncertain¬ 
ties are ~ 6 % and ~ 4 %. We plot the corresponding 
CMS projection limits in Figs. [5](b), (e) and Figs. [5](c), 
(f). Future experiments at the LHC and HL-LHC are 
expected to impose tighter bounds on F Zl / 11 . For the 
negative F Zl and F 11 ~ 0.56, the e + e~ collider has a bet¬ 
ter performance than the LHC and HL-LHC at a high 
energy level; see the overlapping regions of the red region 
and shaded region. 

When both the HZ 7 and H 77 couplings are consid¬ 
ered, Fig. [|d isplays the total cross section of H'y produc¬ 
tion changing as a function of F Zl and J r 77 with various 
energies. The allowed discovery regions of F Zl and J r 77 
are the red regions outside the black dashed lines. With 
the c.m. energy increased from 250 GeV to 1000 GeV, 
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more and more red regions can be discovered. When 
y/s > 500 GeV, the non-exclusive red region of J " 77 ~ 0.56 
are entirely allowed. For more detail, see Eqs. [I5| 



(a) V7= 250'GcV \ 
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Fig. 6. The total cross section of H'y production 
at e“e + collider changes as a function of Tz~i and 
T~ n . The red region are non-exclusive according 
to the current CMS data and the region outside of 
the black dashed line show the discovery potential 
of e“e + collider. 


4 Further Analysis 

The HZ 7 and H'y'y anomalous couplings affect both 
the Higgs boson decay and the H'y production, but their 
interference effects with the SM contributions is different 
for the two processes. In order to examine the different 
interference effects, we define a ratio of the cross sec¬ 
tion of the H 7 production, R ai a ratio of the width of 
H —» Z 7/77 decay, i?z 7 / 77 , and the relative sign /r Z7 / 77 , 
as follows: 


A*z 7 = sign J 1 

M 77 = sign^M^ . (25) 

Figure [7] displays the strong correlation between R a and 
i ? Z7 / 77 for several c.m. energies when one anomalous 
coupling is considered at a time; see the red-dashed 
curves. There are two values of R a for each fixed I? Z7 / 77 ; 
the larger value R a corresponds to /iz 7 / 77 < 0 while the 
smaller value to /iz 7 / 77 > 0. The two-fold ambiguity 


= g t (e+e ->#7) 
<J SM (e + e- —►# 7 )’ 

_ r(g->z 7 ) 

Zl r SM (74-7^7)’ 

= r(g^77) 
n -ry — y sm (H —>- 77 ) ’ 


in the T(H —y Z'y/'y'y) measurement can be resolved by 
precise knowledge of R a if the J r Z7 / 77 is large enough to 
discover the H'y signal at the e + e~ collider. In Fig. [7] 
we also plot the discovery region of i?z 7 / 77 in the scat¬ 
tering of e + e~ —y H'y for various c.m.energies; see the 
shaded bands. One can uniquely determine both the 
magnitude and sign of J r ^ 7 / 77 in those shaded-band re¬ 
gions. The discrimination power of the two-fold R a for 
a fixed -Rz 7 / 77 increases dramatically with c.m. energy 
of e + e _ collider; for example, for R Zl =9, R a is equal 
to 8 and 10 at a y/s = 250 GeV collider while it is 
equal to 40 and 110 at a y/s = 1000 GeV collider. It is 
worthwhile to mentioning that the partial decay width of 
H —y Z 7 is exactly the same as the SM prediction when 
v 2 /A 2 J r Z7 = —2J r |I) 1 . In that case one can still observe 
the anomalous HZ'y coupling at the e + e“ collider when 
-v/s>500 GeV. For the i? 77 , it is highly limited by the 
current LHC data and yields two solutions of : one is 
ri 2 /A 2 J r 77 ~ — 2R// which could be detected in the H'y 
production when y/s > 500 GeV, the other is J " 77 ~ 0 
which cannot be probed. 
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Fig. 7. Correlations between R a and i? Z7 / 77 (red- 
dashed line) and discovery region at the e + e“ 
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colliders (bold-gray curve). The yellow shadow 
regions are excluded by recent CMS data. 
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Fig. 8 . Lower bounds and allowed regions of 
J r Z7 / 77 as a function of y/s obtained in the H 7 
production for £ = 1000 fb ” 1 and A = 2 TeV. The 
shade regions above or below the black-dashed 
curves are for exclusion. The CMS exclusion lim¬ 
its obtained from the Higgs boson rare decay are 
also shown for comparison (see the horizontal red- 
dashed curves): (a), (d) CMS exclusion limits 


(V^ = 8 TeV and £ = 19 fb' 1 ); (b), (e) CMS 
projection limits (*Js = 14 TeV and £ = 300 fb -1 ; 

(c), (f) CMS projection limits (y/s = 14 TeV and 
£ = 3000 fb' 1 ). 

If no NP effects were observed in the if 7 production, 
one can obtain a 2 <r exclusion limits of J r z 7 / 77 which 
are displayed in Fig. [ 8 ] The CMS current and projec¬ 
tion sensitivities are also plotted for comparison; see the 
red-shaded region. 

5 Summary 

We study the potential of measuring the HZj and 
if 77 anomalous couplings in the process of e“e + —> if 7 . 
Such a scattering process occurs only at the loop level 
in the SM. After considering the interference of the SM 
loop effects and the anomalous coupling contributions, 
we perform a collider simulation of the the if 7 produc¬ 
tion with if —> bb. Even though the SM contribution 
alone cannot be detected, the anomalous couplings can 
enhance the production rate sizeably and lead to a dis¬ 
covery at the high energy electron-positron collider with 
an integrated luminosity of 1 ab' 1 . 

When considering one anomalous coupling at a time, 
our study shows that, for negative or T~ n ~ 0.56, 
the e + e“ collider has a better performance than the cur¬ 
rent LHC and HL-LHC. When both couplings contribute 
simultaneously to the if 7 production, more parameter 
regions are allowed and can be fully explored at a high 
energy e + e“ collider. 

We also derive exclusion bounds on the anomalous 
couplings in the case that no NP effects were observed 
in the if 7 production. The current CMS data indicates 
a two-fold solution of the anomalous coupling. Resolv¬ 
ing such an ambiguity is beyond the capability of the 
upgraded LHC or High luminosity LHC. But it can be 
discriminated easily at the e + e“ collider. 

The work is supported in part by the National Sci¬ 
ence Foundation of China under Grand No. 11275009. 
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